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Abstract
Background: Rectovaginal fistula (RVF) refers to a pathological passage between the rectum and vagina, which is a
public health challenge. This study was aimed to explore the clinical value of endoluminal biplane ultrasonography
in the diagnosis of rectovaginal fistula (RVF).
Methods: Thirty inpatients and outpatients with suspected RVF from January 2006 to June 2013 were included in
the study, among whom 28 underwent surgical repair. All 28 patients underwent preoperative endoluminal
ultrasonography, and the obtained diagnostic results were compared with the corresponding surgical results.
Results: All of the internal openings located at the anal canal and rectum of the 28 patients and confirmed
during surgery were revealed by preoperative endosonography, which showed a positive predictive value of
100 %. Regarding the 30 internal openings located in the vagina during surgery, the positive predictive value
of preoperative endosonography was 93 %. The six cases of simple fistulas confirmed during surgery were revealed by
endosonography; for the 22 cases of complex fistula confirmed during surgery, the positive predictive value of
endosonography was 90 %. Surgery confirmed 14 cases of anal fistula and 14 cases of RVF, whereas preoperative
endoluminal ultrasonography suggested 16 cases of anal fistula and 12 cases of RVF, resulting in positive predictive
values of 92.3 and 93 %, respectively.
Conclusion: The use of endoluminal biplane ultrasonography in the diagnosis of RVF can accurately determine the
internal openings in the rectum or vagina and can relatively accurately identify concomitant branches and abscesses
located in the rectovaginal septum. Thus, it is a good imaging tool for examining internal and external anal sphincter
injuries and provides useful information for preoperative preparation and postoperative evaluation.
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Background
Rectovaginal fistula (RVF) refers to a pathological pas-
sage between the rectum and vagina and is also known
as fecal fistula. The incidence of rectovaginal fistula
worldwide was estimated to be two million in 2006 [1].
It has been estimated that just over one million women
are afflicted in sub-Saharan Africa and south Asia alone,
with approximately 6000 new cases yearly in these two
world regions and 50,000 to 100,000 new cases annually
worldwide [2]. In the United States, most of these fis-
tulas are secondary to obstetrical injury, although a large
constituent also spontaneously arises in the setting of
Crohn’s disease. Neoplasms, infectious diseases, and op-
erative and non-operative trauma are also contributory
causes [3].
Due to the particularity and complexity of the local
anatomy of the lesion, RVF often reduces the quality of life
of affected women and represents a challenge for surgeons
[4]. The vaginal passage of gas and stool can cause phys-
ical symptoms due to inflammation and irritation. Patients
may also suffer from significant psychosocial and sexual
dysfunction [5]. RVFs are classified according to their
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distance from the site of the hymen to the distal margin of
the fistula as low, high and intermediate [6]. In low fis-
tulas, the opening is near the posterior vaginal fourchette.
In high fistulas, the opening is behind or near the cervix,
whereas midrectovaginal fistulas are between the locations
for the low and high fistulas [7].
The bimanual examination can generally confirm the
presence of dimples that indicate RVF. With the help of
anoscopic or speculum examination, the size and loca-
tion of the fistula can be detected [8]. If the diagnosis
remains elusive, filling the vagina with water and looking
for air bubbling during rigid sigmoidoscopy can be use-
ful to determine the location of RVF. When thorough
physical examination and examination under anesthesia
fail to localize a fistula of high clinical suspicion, special-
ized diagnostic imaging is needed [9]. Standard endoanal
ultrasonography can be used to locate internal openings
and define the sphincter anatomy of anorectal fistula and
RVF with a 7 to 73 % accuracy [10–12]. The addition of
hydrogen peroxide contrast injected into the tract in-
creases the diagnostic accuracy to approximately 48 to
73 % [10–12]. However, few studies have been reported
using bi-probe diagnosis combined with transrectal and
transvaginal ultrasonography. Here, the preoperative
endoluminal ultrasonography results of 28 RVF patients
were compared with the corresponding surgical findings
to explore the diagnostic value of RVF by endosonography
and help facilitate the clinical diagnosis of RVF.
Methods
Ethics statement
Written informed consent was obtained from all of the
patients for publication of this article and any accompany-
ing images. All patient gave written informed consent to
participate in the study. This study was approved by the
Ethics Committee of Longhua Hospital Affiliated with the
Shanghai University of Traditional Chinese Medicine.
General information
From January 2006 to June 2013, 34 inpatients and out-
patients at Longhua Hospital, Shanghai, China, with an
average age of 44.5 years (range: 29–68 years) had sus-
pected RVF. During the same period of time, 5086 cases
of anal fistula were treated at Longhua Hospital. Thus,
the proportion of the patients with suspected RVF was
approximately 6/1000. Of these 34 patients, 28 under-
went surgical repair. For the six patients who did not
undergo surgery, three were transferred to the medical
department for the treatment of Crohn’s disease, one
was a cancer patient, and two missed the opportunity
for surgical treatment due to birth trauma. In all 28
patients, RVF was mediated through acquired factors,
including perianal abscesses in ten cases, anal cryptitis
and secondary abscesses in seven cases, Bartholin’s gland
abscesses in five cases, traumas in four cases, and birth
traumas in two cases.
Equipment
HDI 5000-X RES color Doppler ultrasonography (Phillips,
The Netherlands) and the biplane transrectal probe BP10-
5ec were used. The diameter of the probe was 19 mm; the
frequency of the convex array probe was 5–10 MHz; the
imaging angle was 150°, and the frequency of the linear
array probe was 5–12 MHz. During the examination, a
condom was placed over the surface of the probe.
Ultrasonography examination
Prior to the examination, no special patient preparation
was needed. The patients were instructed to assume a
left-side supine knee-chest position, and the probe was
gently inserted into the rectum or vagina and then
slowly retracted. The pelvic floor muscles at the lower
rectum, and the internal and external anal sphincters
surrounding the anal canal were identified. According to
splinters identifiable by endosonography signals, the
anorectum was divided into the following three sections:
the upper section was the part of the rectum surrounded
by the puborectal muscle; the middle section was the
part of rectum surrounded by the deep and superficial
layers of the external anal sphincter and anal canal; the
lower section was the anal canal surrounded by the
subcutaneous part of the external anal sphincter. The
lower rectum and anal canal were carefully examined.
The direction of the fistula and its relation to the
sphincter and levator ani muscle, as well as the location
of the internal positions, were recorded in detail. The
length and diameter of the main branch of the fistula
were measured, and the type of fistula was determined
based on the position of its internal opening in the anal
canal or rectum. If the internal opening of the fistula
was located at or below the dentate line, it was identified
an anal-vaginal fistula. If the opening was located above
the dentate line, it was identified as RVF. In addition,
the fistulas were divided into the following two categor-
ies based on their morphology: simple and complex fis-
tulas. For a simple fistula, the opening to the vagina
directly connects to the opening of the anorectum, and
the shape of the fistula is typically a straight line. For
complex fistula, the opening to the vagina not only con-
nects to the opening of the anorectum but also connects
to the perianal fistula, perineal subcutaneous fistula or
fistula deep in the rectovaginal septum, typically creating
a “Y” or “T” shape. Complex fistulas also include com-
bined branches or abscesses extending to the rectovagi-
nal septum or branches or abscesses extending to
perianal or perineal regions. If the imaging was not satis-
factorily clear, 5–10 ml of hydrogen peroxide or saline
was injected from the subcutaneous external opening of
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the fistula, and new probes were used. Transrectal or
transvaginal cross-sectional scanning using convex array
probes and vertical section scanning using linear array
probes were performed. All of the images and videos
obtained were stored in the ultrasonography workstation
for subsequent off-line retrospective study. Two experi-
enced sonographers independently read and evaluated
the images. All of the ultrasonography examination re-
sults were compared with the surgical findings. Correct
descriptions of the internal openings must include the
correct quadrant (within 60°) and correct positional level
(anal or rectal). Correct descriptions of the main branch
must include the correct number, location and direction,
and correct descriptions of secondary branches or ab-
scesses must include the correct number, location and
direction toward the rectovaginal septum or perianal or
perineal regions, and the size, and general shape must be
described as a straight line or “Y” shaped.
Statistical analysis
All of the sonograms were systematically and independ-
ently reviewed by two sonographers. The kappa consistency
test was performed to evaluate interobserver variability.
After calculating the κ value, if a disagreement still existed,
the same two observers reevaluated the images together
until consensus was reached. For comparison with the sur-
gical findings, the positive predictive value and sensitivity of
endoluminal ultrasonography were calculated in diagnosing
the fistula morphology, internal openings and abscesses.
Results
There was complete agreement between the observers
for all items on the evaluated sonograms, except for the
presence of secondary perianal fistulas or other exten-
sions (agreement, 91 %; k, 0.75). The fistula opening on
the vaginal side had a diameter of 2.2–7.7 mm, with a
mean value of 3.3 mm. The opening on the rectal or
anal side had a diameter of 1.5–5.2 mm, with a mean
value of 2.8 mm. The main branch of the fistula had a
length of 11–32 mm, with a mean value of 23.5 mm. All
of the internal openings were located at the anal canal,
and the rectums of the 28 patients were revealed
through preoperative endosonography, showing a posi-
tive predictive value of 100 %. Surgery confirmed 30 in-
ternal openings located in the vagina, and preoperative
endosonography also revealed 30 openings, including 28
true-positive cases, two false-positive cases, and two
false-negative cases, resulting in a positive predictive
value of 93 %. All six cases of simple fistulas confirmed
during surgery were revealed by endosonography. For
the 22 cases of complex fistulas confirmed during sur-
gery, preoperative endosonography readings indicated 18
true-positive cases, two false-positive cases, and two
false-negative cases, resulting in a positive predictive
value of 90 %. Endoluminal ultrasonography also re-
vealed all five cases of concomitant rectovaginal septum
abscesses. The surgeries confirmed 14 cases of anal fis-
tulas and 14 cases of RVF, whereas preoperative endoso-
nography suggested 16 cases of anal fistulas and 12 cases
of RVF, resulting in positive predictive values of 92.3 and
93 %, respectively (Table 1).
Discussion
The main causes of RVF include obstetric or surgical
trauma, inflammatory injuries (e.g., due to inflammatory
bowel disease) and non-inflammatory injuries (congeni-
tal RVF). Clinically, RVF is classified into congenital and
acquired types according to etiology, and injury RVF and
non-injury RVF according to whether there were any in-
juries. In addition, the fistulas are divided into three
types according to the location of the fistula opening in
the vagina. High-position fistulas have a fistula opening
above the rectovaginal septum and are covered by peri-
toneum; median-position fistulas are those with a fistula
tract involving the rectovaginal septum and are located
in the middle-lower section of the vagina; and low-
position fistulas are those located around the dentate
line. Despite the many classifications, none of these are
suitable for classification in imaging.
Acquired RVF is clinically relatively rare, and the eti-
ology is typically complex, including infections, surgery
and traumas. After infection and abscess formation
around the anorectal area, the abscess may penetrate the
rectovaginal septum and result in RVF if not treated in a
timely and proper manner. The relatively high incidence
of perianal infection accounts for a slightly higher propor-
tion of acquired RVF than other causes. In this study, 10
patients had a medical history of perianal ulceration self-
rupture or incised drainage, seven patients had a history
of anal cryptitis with secondary abscess formation, and five












Simple fistula 6 6 100 % 100 %
Complex fistula 20 22 90 % 90 %
Opening to vaginal
wall
30 30 93 % 93 %
Opening to anal
canal or rectum
28 28 100 % 100 %
Abscess 5 5 100 % 100 %
Anal fistula 12 14 92.3 % 92.3 %
Rectovaginal fistula 16 14 93 % 93 %
Sphincter defect 2 2 100 % 100 %
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patients had a history of Bartholin’s gland abscess forma-
tion. Patients with infections accounted for 78 % of all
patients. Currently, reports on the primary cause of sec-
ondary RVF are inconsistent. In Western countries, RVFs
caused by birth trauma account for 88 % of all RVF cases
[13] and occur in 0.1 % of all vaginal deliveries [14]. In the
present study, infections were the leading cause of RVF
because the anorectal disease department of Longhua
Hospital specializes in treating hemorrhoids.
The clinical diagnosis of simple RVF (only one relatively
short tube) based on medical history and anovaginal
digital or probe examination is generally not difficult.
However, for complex RVF—i.e., RVF with branches and
concomitant rectovaginal septum abscesses or perianal or
perineal abscesses—the diagnosis must rely on imaging
examinations.
Currently, there are many imaging methods for RVF
diagnosis, mainly including fistula X-rays with contrast,
CT (computed tomography) imaging, ultrasonography,
and MRI. MRI is the best imaging modality in many
parts of the world for the diagnosis of rectovaginal fis-
tula [15]. With MRI, the soft-tissue contrast resolution is
relatively high. The anatomical structures of the internal
and external anal sphincters, levator ani muscle, and
puborectal muscle, as well as the relationship between
the fistula and muscles surrounding the anus, can be ac-
curately revealed. Thus, MRI has a high sensitivity for
the detection of soft tissue abnormalities. MRI with
phased array coils can identify most of the relatively
large fistulas [16]. Endoluminal MRI further increases
the signal-to-noise ratio with a relatively small visual
field [17] and can provide clear images of the rectum,
anal canal, vagina, and rectovaginal septum, exhibiting a
higher spatial resolution than body coil imaging [18, 19].
However, due to its high costs and requirement for ex-
pensive equipment, endoluminal MRI cannot be carried
out routinely at primary hospitals in China. In addition,
because of the long examination time, and that metal
transplantation and pacemakers are contraindications,
the use of endoluminal MRI in clinical practice is lim-
ited. The diagnostic accuracies of vaginal X-ray radiog-
raphy and rectum defecography are relatively low at 79
and 35 %, respectively [20, 21]. The diagnostic accuracy
using the earlier generations of CT scanners was re-
ported to be approximately 60 %, and there has been no
report on the RVF diagnostic accuracy using modern
multislice helical scanners [22].
Endoluminal ultrasonography involves real-time im-
aging that is not disturbed by visceral movement, respir-
ation or other factors. It can relatively clearly reveal the
internal and external sphincters, making it easy for mor-
phological classification. In addition, endosonography
can clearly show the location and direction of the fistula,
distribution of the branches, and location of the internal
openings. Before the examination, no special patient
preparation is needed. Endoluminal ultrasonography has
a rather flexible application for RVF examination by go-
ing through either the rectum or vagina. Regarding the
observation of the internal openings, our experience is
that the image of the opening into the rectum is clearer
if the probe goes through the rectum, and the image of
the opening into the vagina is clearer if the probe goes
through the vagina. The reason is that when the probe is
closer to the vagina or rectum, it is easier to identify
defects caused by the internal openings of the mucosal
layer. We believe that the use of a convex array probe
(i.e., axial scanning) for observation of the internal open-
ings and sphincter damage is more advantageous than
the use of a linear array probe because the surface
curvature of the convex array probe is closer to the
canal and rectum, and the anal canal and rectum can be
fully displayed. The linear array probe is more advanta-
geous than the convex array probe when observing fis-
tula morphology and the surrounding anatomical
structures (Fig. 1). In the present study, the positive pre-
dictive value for internal openings to the anorectum was
as high as 100 %. The radius of the vaginal curvature
was approximately 1.5–2 times that of the probe. The
vagina could not be effectively expanded; hence, the ef-
fect of displaying the vaginal mucosal defects was poorer
than that of displaying anorectal mucosal defects. There
were two false-positive and two false-negative cases in
detecting openings to the vagina. Re-examination of the
images showed that the missing two fistulas were sec-
ondary branches with a small diameter. In the other two
cases, fibrous scars were misdiagnosed as the internal
opening of a branch. Thus, for internal openings located
in the vagina, the positive predictive value of preopera-
tive endosonography was 93 %, lower than that for
internal openings located at the anorectum. Regarding
evaluation of the direction and morphology of the tubes,
the advantage of endoluminal ultrasonography is that
the probe can be moved continuously for dynamic
observations. Combined with axial, sagittal, and radial
section scanning, all simple fistulas can be accurately
displayed. For complex fistulas, misdiagnosis (false-posi-
tive or false-negative) may easily occur, especially when
the complex fistulas include thin secondary branches, a
lack of notable inflammation, occluded tubes, a lack of
gas within the tube and thin tube walls, which may lead
to a lack of obvious differences in the acoustic imped-
ance between the fistula and surrounding soft tissues.
Strong echoes generated by microbubbles are an import-
ant clue to the existence of a fistula [23]. Hence, for
patients without a clear diagnosis, a contrast agent may
be injected to improve the sensitivity [24] and help
evaluate the scar tissue and fistula. Miguelanez et al [25]
reported that, using a contrast agent, the diagnostic
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accuracy rate of endoluminal ultrasonography regarding
the main tube was 100 % and that regarding the internal
openings was 95 %.
The endosonographic manifestation of sphincter injury
is as follows. Those caused by birth trauma or trauma
typically show interrupted or missing muscle echoes in
the external sphincter or external and internal sphinc-
ters. In severe cases, some of the normal anatomical
structures, including the perineal body and rectovaginal
septum, may disappear in the sonogram [26]. In patients
with fecal incontinence after anal sphincter angioplasty
[27], the sonogram also shows an interrupted, thin or
completely internal anal sphincter because angioplasty is
limited to the internal sphincter. For patients with fecal
incontinence caused by primary internal sphincter de-
generation [28], the sonogram only shows a substantially
thinner internal sphincter. In the present study, in both
cases of external sphincter injury, partial disarticulation
of the external sphincter in the front upper outer
quadrant was observed (Fig. 2).
Our results suggest that endoluminal ultrasonography
exhibits relatively high sensitivity and positive predictive
value in the diagnosis of RVF internal openings and
fistula morphology. This may be related to the included
cases being mostly median- or low-position fistulas
caused by trauma or infection. Due to the lack of a suffi-
cient number of cases, for secondary high-position RVF
caused by tumors, radiation or inflammatory bowel dis-
ease, the conclusion would inevitably be biased. In
addition, there was no true negative case in this study,
presenting another drawback.
Conclusion
In summary, diagnosing RVF using transrectal endolum-
inal biplane ultrasonography can not only accurately de-
termine the internal openings in the rectum or vagina but
also relatively accurately identify concomitant branches
and abscesses located in the rectovaginal septum. In
addition to clearly revealing the morphology of the fistula
[29], endoluminal ultrasonography can also satisfactorily
reveal internal and external anal sphincter injuries. To
classify RVF according to the location of the fistula open-
ing at the anal canal or rectum and fistula morphology is
easy and accurate. Endoluminal ultrasonography provides
useful information for both preoperative preparation and
postoperative evaluation; thus, it is of relatively high
clinical value.
Availability of data and materials
Due to patient privacy protection, the data and corre-
sponding materials of the study are only available upon
individual request directed to the corresponding author.
Abbreviations
CT: Computed tomography; MRI: Magnetic resonance imaging;
RVF: Rectovaginal fistula.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
HQY, SW, and HSX designed the study, HQY performed the ultrosonic
diagnosis, CW, FX, YJR, YQC, JGL collected the clinical cases, HQY and XP
drafted the manuscript. All authors have read and approved of the final
manuscript.
Acknowledgements
This work was funded by Shanghai Municipal Education Commission
Innovation Project (10ZZ77); Shanghai Municipal Science and Technology
Fig. 1 RVF morphology observed using a linear array probe on
transrectal sagittal section. The ultrasonic image clearly demonstrates
the fistula opening at the vagina and fistula opening in the rectal wall
using the linear array probe, which is more advantageous than the
convex array probe when observing fistula morphology and the
surrounding anatomical structures. Abbreviations: V, vagina; R, rectum.
The small arrow indicates the fistula opening at the vagina. The large
arrow indicates the fistula opening in the rectal wall. The asterisks
denote the fistulas, in which punctate strong echoes formed by gas
can be seen
Fig. 2 Partial continuity interruption of the external sphincter in the
upper outer quadrant observed transrectally using a convex array
probe. External sphincter injury with partial disarticulation of the
external sphincter in the front upper outer quadrant being observed
using a convex array probe, producing a clearer image than that
using the linear array probe. The long arrow denotes the partially
disarticulated external sphincter. The small arrow denotes the
external sphincter. The large arrow denotes the internal sphincter,
which is notably thinner than normal
Yin et al. BMC Medical Imaging  (2016) 16:29 Page 5 of 6
Commission Venus Program (No. 10QA1406600); and University Doctoral
Program Research Fund (No. 20093107110005).
Author details
1Department of Ultrasonic Diagnosis, Longhua Hospital Affiliated to Shanghai
University of Traditional Chinese Medicine, Shanghai 200032, China.
2Department of Anorectal Surgery, Longhua Hospital Affiliated to Shanghai
University of Traditional Chinese Medicine, Shanghai, China. 3Department of
Radiology, Longhua Hospital Affiliated to Shanghai University of Traditional
Chinese Medicine, Shanghai, China.
Received: 11 April 2015 Accepted: 4 April 2016
References
1. Lewis G, De Bernis L. Obstetric fistula: guiding principles for clinical management
and programme development. Geneva: World Health Organization; 2006.
2. Adler A, Ronsmans C, Calvert C, et al. Estimating the prevalence of obstetric
fistula: a systematic review and meta-analysis. BMC Pregnancy Childbirth.
2013;13:246.
3. Pastor DM, Lowry AC. Surgical management of rectovaginal fistula. Semin
Colon Rectal Surg. 2014;25(4):221–7.
4. Van der Hagen SJ, Soeters PB, Baeten CG, van Gemert WG. Laparoscopic
fistula excision and omentoplasty for high rectovaginal fistulas: a prospective
study of 40 patients. Int J Colorectal Dis. 2011;26(11):1463–7.
5. Sands BE, Blank MA, Patel K, Van Deventer SJ. Long-term treatment of
rectovaginal fistulas in Crohn’s disease: response to infliximab in the
ACCENT II Study. Clin Gastroenterol Hepatol. 2004;2(10):912–20.
6. Goh J, Krause H. Female genital tract fistula. Herston: University of
Queensland Press; 2004.
7. Roberts PL. Rectovaginal fistula. Semin Colon Rectal Surg. 2007;18(1):69–78.
8. Hyman N. Anorectal abscess and fistula. Prim Care. 1999;26(1):69–80.
9. Champagne BJ, McGee MF. Rectovaginal fistula. Surg Clin North Am.
2010;90(1):69–82.
10. Choen S, Burnett S, Bartram CI, Nicholls RJ. Comparison between anal
endosonography and digital examination in the evaluation of anal
fistulae. Br J Surg. 1991;78(4):445–7.
11. Poen AC, Felt-Bersma RJ, Eijsbouts QA, Cuesta MA, Meuwissen SG. Hydrogen
peroxide-enhanced transanal ultrasound in the assessment of fistula-in-ano.
Dis Colon Rectum. 1998;41(9):1147–52.
12. Sloots CE, Felt-Bersma RJ, Poen AC, et al. Assessment and classification of
fistula-in-ano in patients with Crohn’s disease by hydrogen peroxide
enhanced transanal ultrasound. Int J Colorectal Dis. 2001;16(5):292–7.
13. Senatore Jr PJ. Anovaginal fistulae. Surg Clin North Am. 1994;74(6):1361–75.
14. Venkatesh KS, Ramanujam PS, Larson DM, Haywood MA. Anorectal
complications of vaginal delivery. Dis Colon Rectum. 1989;32(12):1039–41.
15. Berman L, Israel GM, McCarthy SM, et al. Utility of magnetic resonance
imaging in anorectal disease. World J Gastroenterol. 2007;13(23):3153–8.
16. Dwarkasing S, Hussain SM, Hop WC, Krestin GP. Anovaginal fistulas:
evaluation with endoanal MR imaging. Radiology. 2004;231(1):123–8.
17. Hussain SM, Stoker J, Lameris JS. Anal sphincter complex: endoanal MR
imaging of normal anatomy. Radiology. 1995;197(3):671–7.
18. Hussain SM, Stoker J, Schütte HE, Laméris JS. Imaging of the anorectal
region. Eur J Radiol. 1996;22(2):116–22.
19. Hussain SM, Stoker J, Schouten WR, Hop WC, Laméris JS. Fistula in ano:
endoanal sonography versus endoanal MR imaging in classification.
Radiology. 1996;200(2):475–81.
20. Bird D, Taylor D, Lee P. Vaginography: the investigation of choice for vaginal
fistulae? Aust N Z J Surg. 1993;63(11):894–6.
21. Giordano P, Drew PJ, Taylor D, Duthie G, Lee PW, Monson JR. Vaginography–
investigation of choice for clinically suspected vaginal fistulas. Dis Colon
Rectum. 1996;39(5):568–72.
22. Kuhlman JE, Fishman EK. CT evaluation of enterovaginal and vesicovaginal
fistulas. J Comput Assist Tomogr. 1990;14(3):390–4.
23. Stoker J, Rociu E, Schouten WR, Laméris JS. Anovaginal and rectovaginal
fistulas: endoluminal sonography versus endoluminal MR imaging.
AJR Am J Roentgenol. 2002;178(3):737–41.
24. Henrich W, Meckies J, Friedmann W. Demonstration of a recto-vaginal
fistula with the ultrasound contrast medium Echovist. Ultrasound Obstet
Gynecol. 2000;15(2):148–9.
25. Pascual Miguelanez I, García-Olmo D, Martínez-Puente MC, Pascual Montero
JA. Is routine endoanal ultrasound useful in anal fistulas? Rev Esp Enferm
Dig. 2005;97(5):323–7.
26. Orno AK, Marsal K, Herbst A. Ultrasonographic anatomy of perineal structures
during pregnancy and immediately following obstetric injury. Ultrasound
Obstet Gynecol. 2008;32(4):527–34.
27. Sultan AH, Kamm MA, Nicholls RJ, Bartram CI. Prospective study of the
extent of internal anal sphincter division during lateral sphincterotomy.
Dis Colon Rectum. 1994;37(10):1031–3.
28. Vaizey CJ, Kamm MA, Bartram CI. Primary degeneration of the internal anal
sphincter as a cause of passive faecal incontinence. Lancet. 1997;349(9052):
612–5.
29. Yin HQ, Peng X, Xiao HS, Wang YY, Cao YQ, Lu JG. Value of transrectal ultrasound
in diagnosing fistula in anus. Shanghai Med Imag. 2007;16(02):149–50.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Yin et al. BMC Medical Imaging  (2016) 16:29 Page 6 of 6
